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MOORE  SCHOOL  OF  ELECTRICAL  ENGINEERING  PHILADELPHIA  PA 
MULTIPATH  IN  THE  THREE-DIMENSIONAL  UNDERWATER  ARRAY. (U) 
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FIGURE  3.1  MULTIPLE  VERTICAL  BEDIMS  FOR  MULTIPATH  RESOLUTION 
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Here  is  the  vertical  angle  to  which  the  array  is  to  be  focused; 

(x  ,  y  ,  2  )  is  the  position  of  the  nth  array  element.  (1)  assumes  M  ray 
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arrivals  each  given  by  B  e  with  vertical  arrival  angle  0  . 
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We  concentrate  on  tiie  output  when  the  source  is  on  the  main  beam;  that 

is,  when  <J>  =  90°.  Then 
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We  calculate  the  mean  power  response  of  the  array  given  by 
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the  Kronecker  delta,  so  that 
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We  assume  all  vectors  (v  ,  z  ) ,  n.  =  1,  2  ,  . .  .N  identically  distributed. 
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Furthermore,  the  random  variables  y  and  z  are  assumed  independent  and 
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symmetrical  around  the  origin.  Then 
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The  expectations  on  the  right  are  characteristic  functions. 
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where  the  random  variable  u  is  either  v  or  z  and  t  is  correspondingly 
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either  k(sinG  -  sinO  )  or  k(cosO  -  cosO  ).  The-  random  variables  will  here 
ms  ms 

be  specified  as,  either,  uniformly  distributed  in  an  interval  (-h,  h) ,  or 
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normally  distributed  around  zero  with  variance  0  .  Thus  for  the  uniform 


case 
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and  for  the  normal  case 
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Jf  the  variables  y  and  z  are  both  normal  with  variance  O..  and  0_> 
n  n  y  z 

respectively,  we  have 
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If  the  variable  y  is  normal  with  variance  O  and  the  variable  z  is 
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uniform  in  (-h,  h)  then 
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An  inspection  of  (10)  or  (11)  leads  to  the  conclusion  that  if  the 
vertical  dimension  of  the  array  is  in  the  order  of  10  wavelengths  the 
vertical  beamwidth  will  be  about  -t  1°.  Furt  le.rr.iore  rays  entering  through 
this  narrow  beam-width  (hence  excluding  ether  rays  arriving  at  vertical 
angles  outside  the  vertical  beanrwidth)  will  no  sufficiently  compact  to 
avoid  the  effect  of  phase  decor rel at  ion  across  the  array. 

We  are  therefore  led  to  propose  the  following  concept.  Let  the 
array  simultaneously  form  contiguous  vertical  beans  as  indicated  in 
Figure  3.1.  Outputs  corresponding  to  each  beam  will  be  simultaneously 
present.  These  outputs  are  then  coherently  combined.  The  operations 
required  are  as  indicated  in  Figure  3.2.  The  mechanism  being  suggested 
is  similar  to  that  used  in  angle  of  arrival  diversity  communication  sys¬ 
tems  with  maximal  ratio  combining  of  the  diversity  signals.  As  a  rule 
in  these  systems  each  diversity  branch  has  a  separate  ditective  sensor 
and  preamplifier.  Here  sensors  and  prennpl i t  iors  are  common  for  all 
branches. 
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Because  sensors  are  common  one  may  question  the  effect  of  noise 
generated  at  the  sensor  or  preamplifier  input.  Kill  such  noise  be 
independent  when  observed  at  the  point  of  combination  of  the  diversity 
branches?  The  following  is  a  discussion  of  that  point. 

A  filter 
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which  acts  as  a  constant  gain  device  and  constant  phase  shifter  -  that  is, 
with 
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A  filter  with  frequency  characteristic 

H  (f)  =  -j  sgn  f 

is  a  Hilbert  transforming  filter  so  that  a  wave  function  n(t)  applied  to 
H(f)  as  defined  above  emerges  as 

n  (t)  =  A  cos0  n(t)  +  A  s ini  n(t) 
o 

where  n(t)  is  the  Hilbert  Transform  of  n(t). 

By  direct  application  of  the  definitions  and  by  use  of  the  statistical 
properties  of  the  Hilbert  Transform  one  can  show  that  for  stationary, 
zero  mean,  processes. 
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^n^(t+x)  nQ(t)^>  =  A2<^n(t+T)  n(t)^>  =  A2  Rr(t) 

Input  and  output  autocorrelation  functions  are  proportional.  R  (x) 
the  input  autocorrelation  function.  Also, 
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giving  a  relationship  between  input-output  cross-correlation  function  and 
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the  input  autocorrelation  function.  R  (t)  is  the  Hilbert  Transform  of 
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R^Ct).  Finally  for  an  input  n(t)  applied  to  separate  filters 
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the  cross-correlation  function  of  the  two  outputs  n  (t)  and  n  (t)  is 
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Consider  now  the  block  diagram  of  Figure  3.2.  Each  branch  is  com¬ 
prised  of  the  sum  of  ”  inputs,  one  from  each  array  element  and  phase 
shifter.  Branch  1,  for  instance,  contains  a  wave  function 
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where  n  (t)  is  the  output  at  the  n'th  sensor,  and  n  (t)  is  the  phase- 
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shifted  output  of  the  n'th  sensor  contributing  to  branch  1.  A  is  defined 
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in  Figure  3.2. 
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The  output  N^(t)  will  ultimately  be  applied  through  the  second  filter 
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with  characteristic  given  by  A^e  resulting  in  an  output 
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We  view  the  n  ^  ( t )  to  be  Gaussian  noise,  present  at  the  sensor  outputs 

generated  in  the  sensor,  its  preamplifier  and  the  sensor's  immediate 

surroundings.  V.'e  assume  n  (t)  is  independ-nit  of  n  (t)  for  n  i  m.  Thus 
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we  exclude  external  noise  which  may  be  correlated  across  several  sensors 
The  variance  of  N(t)  is  then 
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We  have  used  the  itldepend-  :u  •  I  i  !  I  r  i .  .•  .is  1  al  •  I  :  «;,•  i  ;i.)e|>en.!e:ice 


of  n  (t)  and  n  (t)  for  all  n  and  m  for  a  Gaussian  process.  It  can  be 
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shown  that 

<”>>>  ■  <»>>> 

so  that 


<V(o)>  = 


N  ,11 

I  <^n  (t)N  \  £  <^A.A.  cos(4i  .- 

n=A  n  /  i=l  j  =  l  ^  1  J 


ip  .+  \p.~ 

nj 


To  continue  this  analysis  ve  require  the  joint  statistical  properties 
of  the  phase  shifts  and  the  amplitude  factors.  For  our  purposes  at  present 
we  may  assume  the  A^  constant  for  all  i  =  1,  2,  ...I.  But  the  phase  shift 
properties  are  needed.  Mote  the  following.  If  =  1,  all  i,  and 
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except  when  i  =  j ,  then 
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However,  if  the  angular  differences  were  small  so  that 
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In  tnc  latter  case  the  branch  noises  .ire  correlated  and  add  cohercr.tlv. 
In  the  furrier  case  they  are  uno.orrelated  and  add  incoherently . 

The  difference  angle  statistics  are  under  investigation  and  will  be 
reported  Inter.  A  preliminary  calculation  indicates  that  for  the  array 
size  on. isjoned  in  this  application  the  angular  d j f f ercnces  may  he  large 
enough  for  the  lirst  erudition  above  to  be  .approximately  correct. 


Ql'K  Ho.  31 


Fred  Haber 


Ill  b- 


